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1 



(Introduction) 

e$>o0 (6^0 (matter) e5o 3ogo (substance) 5* b 



2:00 



agitation) 



o^cr 
^. 
102 

(states of matter) 

^ooS^-^c^, (C5^, $o^ ^dooS^- 

(thermal 



(crystalline and amorphous substances) 



(orderly 
arrangement) ^r>1b 5o^5 So9j;^) ^T)^^ &<3 ^c?go (crystalline solid substance) 



(crystals) 1 



'Krustallos' 



'crystal' 



(Crystallography). 



(natural crystals), 
(artificial crystals) 



1.2).. 





*.' *-. 

**$S '-> 
i* v y .-^ 

-..;;^^.1 



1 . 2 



(microscopic crystals) rr 
^^ (macrocyrstalline stateJ-ST 
'^^tSg^Q (microcyrstalline state) S"* 6^<b'3 



(cryptocrystalline 



rr 



^^oo (melting points) 
(isomorphous), v&*3&3*'& (polymorphous) 



(species) 



25^^00 



(isomorphism) 



(polymorphism) 



(Hauy) 



(solid solution) 



sc5c3o. -&* 



crystals) 



(polymorphous crystals) 



(internal structure of crystals) 



(units) 



1782^5 



>6s5fe> "dme (cleavage fragments) 



'(point pattern) 



(Bravais) 18483 



lattice) e5o )o<> 3pg (point system) ^cj*<3o. * 
(translation), (e^c-so (rotation), So^tf^o (reflection), 



14. 



(inversion) 



rbQoO 



1912^5 



(Friedrich), 3i)oS" (Knipping), oJT (Laue) 

(diffraction gratings) n 



19233 



(W.H. Bragg), 



(Lawrence Bragg) 



(space lattice), 



2 (unit cell) 



Na 



1.4) 



o, CP' 
. Na, Cl 
1.3). 

^06^00 







>x 



ym 



L 



^T 

N I 



PPt 



b- e^c 



y 



0123 



Stoo. 1.4 



-Stoo 1:55* ^5-^5 



(crystallization) 




(evaporation) c 

(precipitation) 3o3 ^(Icdbo 



(identical) 



tf^orr^o, 



(uncombined) ^S<5* o^.^o^.^Ss^o^ 5 ^^^.^5 ^r^o c3oc> 



(Morphological crystallography); 'eSo ^^3"^ ftjcSr'S^^o (Crystal 
morphology) &, 
(Physical crystallography) e9&, 

o (Optical crystallography) es2> 
)t5g^^'o (Structural 

crystallography) e>3 eotj ^; ^ds^o ^oCS^e^QSrtDSoOSe^SD^acrSS'cDl^-ScJw 
S)g^oo^) ^^(^j^Aod^o s^d^orr 1 -^aV^ D^TJT^ ^-ScJca ^jtSg^^o (X-fay 
crystallography) ^ 



e& 16693 
(Nicolaus Steno) ss 



(Domenico Guglielmini) 



2,3-^00^ 



5*5o d )lo (Rome de Lisle) 



. escooe 

(constituent units) 
1784^5 

(Rene Just Hauy) 
rtc e 

8j2r B C5cr > ^ l oo 
300^ e$es>3}oo (integral molecules) 



1912^5 



(Max Von Laue) 



(solid state) 



(structural orderliness) 



X XX XX 

I XXX \x 
xvx vx 

XX XXX 
XX XXX 






1.6 T 
(2.00 

log 



.. ^otfo.Sg ^b^^o .7^)t3g?^3^ "1.55 oo 

sS '.^FjtSic&d (crystalline state) 1 



(ideal crystals) 

, O 3 ^) 





(Morphological Characters of Crystals) 



. 3<too3ot?> 



(ideal crystals) e)owdo. 



(plane surfaces) 



(faces) 



(adjacent) 



(rows of atoms) 



^00006. 

^ccr-o (corner) e5o 
2.1). S)t3^o5*3 .^jo^roo (F), escnkeo (E 
F-t-C = E+2 e 



. eO es^ aJ 

to 



. 3<too3ot3 
(set) ^So^c^ooo, 



faces) 



2.2). 



(edge) 



Sc? 
(solid angle) 
(C)b 



(like faces) 

s^croo, 
(unlike 



aJl 



11 




2.1 S> fco6 &*>> (ABC, 
BCE, DCE, ACD, ABF, BEF, DEF, 

AFMT\ ^ /Ao r^r- r^r- AP-N /-VA 

ADF); esoCfcoo (AB, BE, DE, AD, CA, 
CB, CD, CE, FA, FB, FE, FD); 
(A,B,C,D,E,F). 



. '\ 



V 



^ 



"lo^So 



23-0^0 



(reference axes) 

zJi ^ooS^ ^oc^^) ^cxj^^o c? 

(crystallographic axes) 
^ (unit cell) 



6^00 



(diagonal axes) 



(Stoo 2.3). 



12 



A' 
B 
C 



2.3 



feotoooO. ' 633 



(negative) "5o 
; c- 



t b- 



"^0 



, a- 



(positive), 
, b- 



(axial angles) 



. c- 



c- 



2.4). 



-b- 




13 



e,S5&&tfere (axial planes) e>otJ-&. 



(diagonal planes) <s>ou*<> (Soo 2.5) 




2.5 

ABCD, EFGH : 
IJKL : 



(form) 



e-S (Sa^o (regularity) gSL&oO. 633 SP^SO (symmetry) 



B 



, C 



A 



H 



2.6 A - 

B - 
C - A,B 





15 



2.8), 



3<ioo3o<t3 



2.6 



<T>POO (open forms) e>o<Lydo. 



(closed forms) 

"50(^0 eSo 



2.10, 2.11) 



c3oo 



2.7, 




2.9 




(i), ^5 S 




(2) 




i ; i 



2.11 



J 2 




(l), 
(interfacial angles), 



(2,3) 



2,12). -& 
i^cso (supplementary angle) rr 




2.12 



A A B = 6 



(net planes) 

(corresponding) 



{Law of Constancy of interfacial angles) 



Sofi 



(corresponding interfacial angles) 

ejf D^orr ^od, gjf 



2ro< Stfri ,e5cr 



^otJ-oco. 633 ^tJew 2.13, 2.145* 



. e>cxoS -& 



(distorted crystals) rr 



j 



>. 

' '. 

B 




i 
J~ 



2.13 



(A); 





B 



2.14 A. 



60 



B. 



a,b,c,d,e,f 



A,B,C,D,E,F 



60 



(contact goniometer) 
(Carangeot) 1780^5 
. -S* SQgtfo (Stoo 2.15)5* ^ts^rS^) (protractor) 



g5 18095* 



.ttSr > 3go (reflecting . goniometer) - 
*tt^raSo (Single - Circle goniometer}, 18745* 
18-895* CJS^Sb Spas. "^(56*5, 18935* 



19 




2.15 



60" 





(Crystal Symmetry) 



3,1). 
-)i5go Sco'^. 
(regularity) 



(regularity or orderliness) 



3x^0, 
(crystal symmetry) 




(symmetry elements) 

(plane of symmetry) : S 



Soospo, 



(corresponding) 



(mirror images) rv 
(reflection symmetry) e5 



3.2 



(^b^oo 3.2, 3.3). 



\ 



22 



(axis of symmetry) : 



360 (jftfceao 
E3o (360) 



360 



(axis of two - fold symmetry or diad axis), 
(axis of three-fold symmetry or triad axis), ifcfoa^d $r^rp 
tsr of four-fold symmetry or tetrad axis), ^cztfjd Sr^y^o (axis of six-fold 
symmetry or hexad axis) e>), -&* 68 Sr^y (^iSoca S^o (rotary symmetry) 



^btoo 3.75^ 
3. 86"* 



3.4); 
3.5); 

^btoo 3.6) 



3.4 




23 




N--J 



3.6 



3.7 



t- 




3.8 



2 - 
4 - 



a<sy (like) 



(principal plane of symmetry) 



, 3o<So e5o 
(principal axis of symmetry) 

io(<3b (centre of symmetry) 



(diametrically opposite) 



"fo^5o rt^5 "lo^o 



24 



(inversion symmetrry) 



Sofi--arbS 



4 

6 



Ax. P. 
Diag. P. 
XI.Ax. 
Diag.Ax. 

C. 



(3 Ax. P.) 
* (6 Diag.R) 



(3XI.Ax. lv ) 

(4 Diag. Ax. in ) 

. 

(6 Diag. Ax. 11 ) 



(C.) 



Axial plane of symmetry 
Diagonal plane of symmetry 
Crystallographic axis of symmetry 
Diagonal axis of symmetry 

Centre of symmetry 



(3 Ax. P.) 



(3X1. Ax") 



(intercepts), 



(symbols) 



(parameters) 



distances) ^C5orr 



(parametral plane) e^^/ 
(parametcal form) e^S), 



b- 



4 





(Symbols of Crystal Forms) 



(multiples) n 



(unit form) 



(position) ^5, 



(unit 



a 1 , 'b 1 



o (unit face)-, e^owdb. 
q (SSr 3 tt<Sr o cr i oo l C-^^O!D r 



, 1b, 1c 



(^0^00 



,p 



26 



pa, qb, re 



a- 



p Seo V (infinite) 



gifff* 2 



, c- 



(Weiss notation) 

4JS" 6 OX, OY, OZ .SCJ? a,b,c 
S^tfoo ^ooxS, a- ^oSod >;$p>tt 
OB,- o ^oJtofi (S^r*tt <5P i C5o OC 
1c r? crr&. "& 
OD * OA = 

OE 2 OB 2 ^Sre^ (^PCPOO, c- 
1/2 (Sr*es <Srtfo c^oco, wo&S ^^>o DEF 



(ABC), 



(Indkes) 



a-ttS* & 
2a f -1b, 



ABC 



OA f 



DEF a- 



OF = 1/2 OC 
2b,-c 




DEF 



fc 
(Milter's notation) 



W.H. 3o^ 
(Miltenan symbols) 

Sfco 
o (reciprocals) 



(reciprocals) 



(a.b.c 

632 TT 



234 



1a, 2b, 3c 



a, -b, c 

1 2 3 . 

*1 n 

V 7b, -c 
^ 6a,3b ( 



1 1,1 
2 a ' 3 b V4 C ' 


2a, 3.b, 4c 


234 




1 . 


1 , 


1 




la, Ib, Ic 


T a> 


7 b ' 


T C) 


111 




1 


1 


1 






1 


1 


1 




la, Ib, 2c 


T a ' 




o C> 


221 




1 


1 


2 






i 


i 


i 




la, 2b, 2c 


M. 

-a, 


b, 


M. , , 

- c, 


211 




1 


2 


2 




la, 2b, Ic 


1 
-a, 


Ib 


1 

t c * 


212 




1 


2 ' 


1 






i 


i 


i 




2a, Ib, Ic 


i. 
-a, 


-b, 


M. 

- c, 


122 




2 


1 


1 






1 


1 


1 




2a, 3b, 4c 


-a, 


-b, 


1 

- c, 


643 




2 


3 


4 







i 


i 


1 




2a, 3b, -4c 


i 


i " 


j. 

7 C > 


643 



1a, p, oc C a b ' c> 100 

1 <* 

1a, 1b, c I aj i b , l c , 

1 1 

1a,2b,occ I a , Ib, -c, 210 

1 2 oc 



321 ^-D^o^Gorv 3 &o>o a-e^olbcS 3^ ^0^5" 



321 
111 

-^ 2' I 



(111) 

(hkl) 3306* rOr<&. s|tolb^3):dlD h > k > I TV 



6 6 6 

2a, 3b, 6c b^jc^oco. 

321 &$>o a -e>^olp 2 ^^r^ e^&^b-v^oli 3 ^b^j^cst^J^croo, c- 
6 



(100) 

(100) e^^nto. 0^) & 

- 100 (cDdotfo ^005)0), TOO (S^^^Soogpo), 010 (Sod^^oo^o) , Ol"< 
, 001 (^oospo), OOl (c 



(100) 

2. "3o<> ^)^ ^|)c& ^5?G<&> ^^r^^pc^b 

(110) 



29 
3. 



(210), (310), 
..... (hko) 

4. ;fcr<> ^)t3 "6|)c^^o^ 
- 3ogS"3tQo (111) 

5. "Uo&> )43S ^1)01^^0 

^0^.3 (rC5oS^ ^odoS ^05^00 tto tSJ^oo - SogS'aSQo (221), 
(331), (332),....., (hhl) 

6. "So^ ^)d^ ^IGSJ^G^ ^^r^5 dlrcpe:^ ^od^n, ^y<^ -ess?^ 
d&jj.S CSJ^C5cS^ ^oddS ^05^00 ^o d^fpco - Do^S" O^QO (211), 
(311), (322), .... (hll) 

7. &o- B &> )t5g ^fedSr' 

(321), ...... (hkl) 



(Law of rational indices) 



(^Sco^o essfSS To^^o^^on ^^pc^o) do ^b^Sr 5 ^ ttr'So efo 
1o e>o&6" ^oc^^o <^^ddc&) rb^^cs^ex^ (small rational multiples) n 



e>gC5cScab 
o^o ^) 
, 2b, 1/2c; 1a, 2b, ac 



, V2b, 2ciT 
e>occ ^otj^ao. ^^g B dwor? Soo5 -03o* 0,1 



(limiting forms), e&5 CJ^POO (variable forms) 



(100) 

(hkc) dJ-^3S ^^oo (210), (310), (320) - 
(100) (Ir'^S^ ^^0<^"^o e>S), (hko) dJ^^Sgj ^ 
SSOoaa cD(^6^oo &r^o^ (100), (110), (111) do-poD eSftfiy&ex), (hko), 
(hhl), (hll), (hkl) 




A 
(Classification of Crystals) 



1. 
2. 



.(3d 



32 

32 



3 6* 
23 S^ ^oyo^o^ 

>. &J 63 
aJf ^^oocrcdj^^l 

Sg^Tr-oo (symmetry classes)rr 
60(5, 



31 



3^) (axial ratio) (a:b:c) e>o<ty&>. ^dTe^gScpaoddfc &o$o a,b,c 

Soogpo a.b.c 
a=b=c 
a:a:a eSo 1:1:1 rr o*1, tx>^^ d 6 ^ t5go e^^dS a * b * c efc? a:b:c 



oowon 



(axial angles) eotP^S, 5^3 a,p,y oS* ^j-O^^S "esqygcfibo 2 6* 



, a 2 , a 3 

tSs'o 
a 3 e)^oSo, c <^3 ^^ ^cr'o^o p,,p 2 ,P 3 o*v, a1, a2, a3 



(axial elements) .'So 8 )tXS a^yo^oo (crystal elements) 
6 



do 8 e?o^o^ s^^^o. ^odSaSg 153.0(30 
oOaSjtSl, 'QodotSS e-g 
32 SS D^n-oo 6 S 
o)S 



32 

1 . SsSJ"^ 5^S (isometric system) 



sd a,b,c ef)^cro^ s ^, a r a 2 , a 3 oon ^rO^c^. -&a ^p &, 3^)S a : b : c 
=. a^ a 2 : a 3 =1:1:1. AsS a=b=c v>3 $^c? a&&>. <$, ^cr^oo o=p=Y=90. 32 
5 



(cubic system) v> 
2 . 3&o^ ^i3 (tetragonal system) 



1f a 2 



a : b : c = a, : a 2 : c =1:1 :c 

7 



3 . SS^SPJ^ S^S^ (orthorhombic system) 



a:b:c. 

a=p=Y=90. grS ^8,1^0^ 3 Ss^rrroo -^ ^o^^ooo. -& 



4. bSJ5^ i$J5 (monoclinic system) 



a- es^o c- 

tJ^ooo. b- e>^o -^3 ^j^So^^SS ooeoorp, esoCS a-, c 
>. b- ^q 
) a:b:c. 
oc=Y=90, p > 90. Sr^S Se^rr^S^ 3 SS^TTOO -^ ap-Sofi S^ODO. 



(triclinic system) 



a:b:c 

a * P * y * 90. 3^ ^rroS" 6 2 



(hexagonal system) 



J^Qss oosr^SS, ^^b^orr' ^&. J^Qes 

a r a 2 , a 3 



c- ^or>&> ^r-D^^. c- ^9^0 Soft 8^53 t5^ d^n ^oc^^) e5o 

C33^^t5 120 ^ZZOS 
C fe 1:1:1:0. 633 88=896 C 

12 



(hexagonal division), 
(trigonal division) es3 "Soc) 



7 S^S'38^ne>D ^otJ'o^). -^ ^SSb Sofia 

(c- e>^o) ^o^ o^o. (Oi^n ^5* 5 S 3^rroo 0^000. 



(attitudes) a^oo 5.1 
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h 



J 



p ^ 

h o3 Yi d 



xj 



S 5 
| 

n* 2 

ir 



9 



3 



3 

& 

to 



en 
A 

03. 



X -5? in v 



t f 







CO. 



GO, 



b 



& 
& 



If S 

11 



CO 



Y f 

OJ CVJ 

Co CC 



e 



*f 



3 



3 

BT 



to ^ 

y/i ^ 

^ ^ ^ 

/? ^ ^ 



^38 










VJ1 



I 



Gt- 
10 

"M 



8 

ft 



iya 

O ^ 
^ C o 



B 



Q 



^ ^ 

\s~f (^ a/ 

'id tj 

b la b 
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class) 



form) eA 
class), e>> 
(3S 
(general forms) 



(hkl) 








5.1 



Siyrto (holosymmetric class) fe sytf^ 3^o (normal 

do- 



(holohedral 

esod.^g ^ SJPTP^J $T^og S^no (holohedral 



(special forms), ^qrtfca 
e.g S)t5g ^a 



r iJ'tfajeo 



So A 8,3 



36 



5.2 



1. ^-^pQ^g S^r-Ko 3 Ax.P.,6 Diag.R 
(Hexoctahedral class) 3 XI. Ax lv , 4 Diag. Ax, l!l 

68 6 Diag.Ax." 

C. 

2. Sj-c^d^SpQj^ Ss^rto. 3 Ax.P. 
(Didodecahedral class) 3 XI.Ax. 11 , 4 Diag. Ax 111 
eScr 153 tS" 6d C. 

o n 

3. a^-^aogfreQ^g S^to 6 Diag.P. 
(Hexatetrahedral class) 3 XLAx.", 4 Diag. Ax." 1 



4. (S-eg, aoCSgEfiesSpqj^ S^fe 3 XI.Ax. lv , 4 Diag. Ax. 1 " 
(Pentagonal trisbctahedral class) 6 Diag. Ax." 



5. (S-3&g3oC50b835>6 1 2 ( 5g ^)^Pto 3 XI.Ax." 
(Pentagonal tristetrahedral class) 4 Diag. Ax."' 



1. q$3<&>fy_rc 6jy^rO 3^^o 3 Ax.R, 2 Vert. Diag. P. 
(Ditetragonal bipyramidal class) Vert. XKAx. lv 

2 Hor.XI.Ax." 
2 Hor. Diag. Ax. 11 
C. 

2. ^C^^n Q^ar'3 S^r(o Hor. Ax. P. 
(Tetragonal bipyramidal class) Vert. XLAxJ v 
e5o S^tS" 6S C. 

3. fiy&fo^ea ^"^ ^^=^0 2 Vert. Ax.P. 
(Ditetragonal pyramidal class) 2 Vert. Diag.P. 

S Vert. XI.Ax. lv 



37 



4. C5<&> 5 r E'3 S^&j d<&>&)23 Vert. XI.Ax. lv 

s^'S^S )^tfo 2Hor.XI.Ax." 

(Tetragonal trapezohedral class) 2Hor. Diag. Ax." 



5. cte&^j-ea S^SD (8j&Esd > e i j o $g 2 Vert. DiagP. 
Ssrtfo 3 XI.Ax." 

(Tetragonal scalenohedral class) 



6. T^^O^CS fty-D Ssp-rto Vert. xl.Ax. lv 

(Tetragonal pyramidal class) 



7. -CS&^cs SSyppooS' S^rKo Vert. XLAx. 11 

(Tetragonal sphenoidal class) 

2CaO.AI 2 3 . f Si0 2 6fi 
i^rO yrto 4 Ax.p.,3Vert. Diag.R 

(Dihexagonal bipyramidal class) Vert. XI Ax. vl 

3 Hor.XI.Ax. 11 
3 HorDiag.Ax." 
C. 

2. ^tSS*c3 Qjar'O 3^r^o Hor.AxP. 
(Hexagonal bipyramidal class) Vert. XI.Ax vl 

Q_ 

3. a^-^tSg*^ ^xr 3 ^) S^rrfo 3 Vert. Ax.R 
(Dihexagonal pyramidal class) 3 Vert. Diag R 
So s3o|^ 6S Vert. XI.Ax. vl 

4. A<^*S5 3A^5k)(^)2s Vert. XI.Ax. vl 
Srq^ S^rkO . 3 Hor.XLAx." 
(Hexagonal trapezohedral class) 3 Hor.Diag.Ax." 



Hor.AxP. 

(Ditrigonal bipyramidal class; , 3 Vert. Diag. R 
e5o SS^ooodBS Vert.XI.Ax. 1 " 

3 Hor.Diag.Ax." 

6. a^6S*tt Sy-O D^rtfo Vert.Xl.Ax. vl 

(Hexagonal pyramidal class) 



.*7. (S^ts a^So- ^ ^^rfe Hor.AxP. 

(Trigonal bipyramidal cla^s) Vert.XLAx." 
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8. a^ld^ea sa^o(dES>sS > e o $g 3 Vert.Diag.R 
3ytfo (Ditrigonal scalenohedral Vert.XI.Ax. 1 " 
class)efo ^65 63 . 3 Hor.XI.Ax. 11 

C. 

9. \Q$*& 3^&>t5)23 ^e^S Vert.XI.Ax." 1 
>2^=rto (Trigonal rhombohedral - C. 

class) e5o .1)3*5 &Q 

lO.a^-^n 3yO 3^o 3 Vert.Diag.R 

(Ditrigonal pyramidal class) Vert.XI.Ax." 1 
63 

^^o<^)83 ^qj^g Vert.XI.Ax. 1 " 

(Trigonal trapezohedral 3 Hor.XI.Ax." 

class) efcp e*en - ^SifSd 
y tj- oJteo 

.^Q ^r^) Dsp-no Vert.XI.Ax. 1 " 

(Trigonal pyramidal class) 

"iS" eixSajS^S" 6 



-&* 'dote 
(Vert. XI. Ax." 1 ) 



1. a^-qs^n a^^r ^ 3^no SAx.R 

(Rhombic bipyramidal class) 3 XI.Ax." 

C. 

2 Vert.Ax.R 

(Rhombic pyramidal class) Vert.XI.Ax. 11 

& "loto^ 6 

3. aj-a^ca ROODS' S^no 3 XI,Ax." 

(Rhombic sphenoidal class) 



b-xi. AX." 

(Rhombic prismatic class) a-c Ax. P. 

e5b "3)S> 6Q - Rrtf^S^rrto "C. 

2. getf Se^fe - a-c Ax.R 
(Domatic class) 



3. ^0055 D^tfo b. XI.AX." 

(Sphenoidal class) 
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20,000 



15 



i . 



(PinacoidaJ class) 



2. Sg^e^g 3$r7fo 
(Pedial class) 



Ax. P. 

Diag.R 

Hor. 

Vert. 

XI.Ax. 

*XI.Ax. lv 

*Diag. Ax. 1 



C. : 



50 

< 
10 



c. 



VIJVJIIJI 



2,000 

oJ 
, 25 



1> 90 



40 



lD& (common names) 



(pinacoid) : 



5.2) 



a-S 



prism), 



(prism) : 

5.3) 



5.2 



^^^o (trigonal prism), ^^o^-E^^^^o (tetragon 
^So (hexagonal prism), Q5(QS*e3 S|jgo (ditrigonal prisnr 
(ditetragonal prism), a^tS^ea S^So (dihexagonal prisn 
o&> noOo^^So). aj-ajS*^ 3^o (rhombic prism) 
(rhombus)^ 5 



5.3 SS 



41 



(pyramid), O$S33 (bipyramid) 



5.4). 



5.5). 



, aj 



a.g 




5.4 
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0-33 2A3fea 3<sfc<33 S^S ^o5^5 (first), "So^ (second), 
(third), ^ooff &r*o (fourth order) 
a 1f 03 



1 a 2 



b,c- &&?<$&> ^odoO a- 
, a,c- ei)^e^ ^odo-D b- 
a,b- ei^o^) ^odoO c- 
, a,b,c- sp.e?& ^odlD ^ 
b,c- f>^a^o ^odo^i a- 

a,c- esro'& ^odoO b- 
, a,b- e> 

3, a,b s c 



6 



,a 2 ,a 3 



, a 1 



..,=a 2 =a 3 , c^p=y=90 




(Description of Crystal Forms) 



, (orientation) 3! 



a 2 



a=b=c 



-a, 



,6,1. 



(hexoctahedral class) 'Sc? ^S'^ 6 "(Gai'enia' type) 



a 1 ,a 2 
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6.2 



a 3 



6.2). 
^ 
6.3). 
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6.6). 



tfs-o- (do-Sg, 



050-3^ S^a-a?co,.-liio 




6.4 



6.5 



6.6 



3400. 



6.76* 



46 




6.8). 



(SAx.R) 1 
I 

(6 Diag.R) J 



(4 Diag.Ax.') 
. ( Diag, Ax. [I ) 



(C) 



-. . 

i 

J 



13 



(cube) 



, 12 



, 8 



100, Too, aio, oTo/ 001, "o'oT, 



t&d>Q^ (Dodecahedron) : 63S^ 12 ^b^h^b^a^^d (rhomb-shaped) 



24; 



,. 14 
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(HO) 



no, Tio, TTo, no 
101, 101, ToT, iol 
on, oil, oil, on 



001, 



I 

100' 



010 



6.8 




6.9 

^S^^eS s (c tahedron ) : " 
triangular) &OSPOD, 12 ^o^ex), 6 



6 



(unit form). -&* 

111, 111, III, ill 
111, III, 111, 111 



(111) 
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6.10 



(isosceles triangular) ;&>3reo f 36 eso^oeo, 14 

12 p<rt> eso&oo ^rtET'SS, 24 3 



o4J*oco 



6.11 ) 



(pyramid) 



h,k o 



(210) 



S^o (hko) 



(320), (310), (410) 
. (210) 



210, 120, 120, 210 ; 

2lO, 120, 120, 210 

201, 201, 102, 102 

021, 021, 012, 012 

201, 20T, 102, T02 

021, 021, O.T2, Ol2 



49 



36 




6.11 
(Trisoctahedron) : 



, 14 
24 



24 
6.12). 



12 
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221, 221, 122, 122, 212, 212 

221, 221, 122, 122, 212, 212 

221, 221, 122, 122, 2\2> 212 

221, 22l, 122, 122, 2l2, 212 

ge 3*6^ (Trapezohedron) : 
(trapezoid) &o^oo, 48 oo-Soeo, 26 



24 



6.13). 



24 



, 24 



, So^fc 



12 



(hll) 



SogS" Otrjo (211) 
to (d- 



(311,), (411), (322) 
. (211) ttr^oS^S 

211, 2lT, 121, 121, 112, 112 

211, 2lT, 121, 121, Tl2, 112 

2ll, 2TT, 121, 121, TT2, 112 

2T.1, 2TT, 121, 121, 112, 112 




(scalene triangular) 
24 

&>oC$oGo 



(632) 



72 e^o&eo, 26 , 
, 24 



48 

ou*oco 



6.14). 
, 24 



^o^ooo, 



12 



(hkl) 



. h,kj 



3og5" 

321, 321, 231, 231, 132, 132 

123, 123, 213, 213, 312, 312 

321, 321, 231, 23 1, 132, 132 

123, 123, 213, 213, 312, 312 

321, 321, 231, 231, 132, 132 

123, 123, 213, 2.T.3, 3l2 9 312 

321, 32l, 231, 231, 132, 132 

123, 123, 2l3, 2l3, 3.T2, 312 



(321), (432), 
. (321) 




6.14 



52 



:. -& 
lj (100),(110), (111) <3J^o<5*3 ^o^co 5)6* e-g 

l-Ax^, 6 Diag.Ax", 4 Diag.Ax" 1 e&) OOSDOTV ^ot^c^S (hko), (hhl), 
(hll) ttJ^^bS*^ &o3roo Sr^S 3^ ^^^c7o^ o.oon ot3*c&3 
|D S)<^ cSj-^o^ Xj ^^ (100), cyjcw 3-e^g (110), 
(111) 



6.16} 

6.1-7) 



6.19) 

(3ioo 6.20) 



6 ' 21 ) 

(fi- esg^fotf^eda^g; 
6.22) 



6.23) 
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< v --k 

i . 1 101 yx 

i ,i r 

.1 ! 

i 100! .1 

i ' , i I 
i 1 1 I 


> 

^ 

1 
1 
" 1 
1 

t 
. _1 


/- "I 

[ X ---v 

N,/ ^ 


^ 

<S^ 



awo-6.1.5 





Sue 6.19 



6.20 
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6.21 



3oo 6.22. 




6.23 



(a 1f a 2 ), 



a=p=^=90 eO 



-C 

6.24 



55 



, a 2 

a, ^^5 ^o^ p^, a 2 T^ &)<53^, c 



So- 
(ditetragonal-bjpyramidal class) iSo 8 ^o^cS" 6s (Zircon type) 



(square prism) <"* a,b spb 3*<)e>o ^^7*^orr^o, c 
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(tb^o 6.25). 




6.25 



, 8 



3t.-g 



c- 



4^383 



6.26), 



12 



(c), 



-, 50^000, .aXTOTO .83^00, 

60000 . 



6.26 



6 
3 
2 fr 



2 
2 



od5 
(3Ax.R) 

(2Vert. Diag.P.) 

(C IV ) 

oo (2Hor.XI.Ax. 1 
(2 Diag. Ax.") 



"1 

.)] 



Jgr^a-. 



(C) 



pinacoid) : 



a 2 



^otJoco (^btoo 6.27). 6^) SogS" QSQo (001) 
So^S" ^r^^o^oo 001 ("ID ^Soo^o), 00"l(lo5 
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a 2 



(100) [Tetragonal prism (100)] : 



c- 



a 2 



6.27). 






(100). 

100, Too, 010, 010 

S^go. (tetragonal prism of second order) 



o o i 



CIO 



100 



6.27 



(100) + ^s^oaj^e^s (001) 

(110) [Tetragonal prism (110)] : 

^ a 2 es^o^ "5odo^5& (^^rr^ <5r>ov5* 
6.28). -& 



(110). 



no, Tio, ITo, no 



^; J, 



6.28 



(HO) + (?t5 05^*8^ (001) 
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So 



Z9). 



' (Tetragonal prism of first order) 



(100)6* a 1f a 2 
(110) 



1? a 2 
(Ditetragonal prism) : 



c - 



(210) 



> 1 a 2 



210, 120, 120, 210 
2lO, 120, 120, 2lO 



1t a 2 



6.27, 



(hko) 



6.30<5^ 



(210) 



210 ? 10 12 




100 



(210) 



6.30 



(00 



(100), 
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(hoi) [Tetragonal Bipyramid (hoi)] : -&* 



^o^rco, 12 



), 6 



o<u*oco. 



(terminal edges) a,gftej3 , 4 

- 
2 



a,g 
8 



(lateral edges) 



6.31). 



c - e>?^, a v a 2 - 
. ^oo^roo 

h,l o 



c- 



(101) 
(201), (302) "SooCSS^S 



order) 



12 

. - 
2 



^o^cxo. (101) 

101, ioT, on, on 
Toi, ToT, oil, oil 

etragonal Bipyramid of second 



(hhl) [Tetragonal Bipyramid (hhl)] : 

8 ^^q^ar^ro (S^y-aj-s ^ ^o^oo, 12 e>o^oo, 6 



5) a 



8 



eschew 



f 4 



6.32). 




(5.31 



(lOl) 




6.32 



(ill) 



6.33). 



61 

(hoi) 



. (hoi) 
(hhl) 



(hhl). h,l 

do 5 h" Soo^eo iSbS e5c3 



(111) <^boS. 3o^^5 fij-^oSa (221) (332), (441), (112), (223), (114) 

. (Ill) <3a-^oS^3 ^O^PO So^& < &r5*osoo : 

1 1 1, ill, Ti i, Til 
III, TTI, ill, in 

(Tetragonal Bipyramid of first 
order) eS ^rcs e5Q^rC5o. 

(Ditetragonal Bipyramid) : -&*$s*^o&* 16 
,^0^00, 24 e>oCSooo r 10 ^rooo 
CSoo6^ 8 SdatS es>oaoe * KcrpS, ^oS 6 8 
8 Sr^ 

2 



)t5gS|)c&r'spo&> spod&ooo. ^ <^p^bo SogS'aSQo (hkl), 
h SDeo3 k .Soo^S ^od i&Sn AotxoS. I Doo^ h 



. (hkl), .(hll) 
D. (211) 3 



211, 2lT, 121-, 121, 121, T2T, 211, 211 
2ll, 2TT, T21, T2l, 121, 121, 211, -2M 
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6.33 



c- 



(hkl) 



(100), (110) 

&(&> Stftf 



"So^o e5o 



(110) 



(111) 



^b^o (100) + S^jSo (HO) 
(111) (3oo 6.36) 



(in) (a'too 6.37) 

(100) t asar3 (111) ( 

4. aygo (100)' 

(111) (36006.39) 

(101) + a^aro (in) 
(101) 



(001), 



6.34) 



(101) 



(3io) 



6.38) 

^o (110) 
6.40) 
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2/ 2 



i i 




Q_7 

^ 



6.34 



1 - 

2 - 



(HO) 

(in) 




6.35 



2,3 - 



s^2o (no) 





6.36 



2 - 

3 - 

4 - 



(too) 

(110) 
(101) 



6.3,7 



2 - 

3 - 



(100) 

(310) 

( nl ) 
(001) 
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6'. 3 8 3^345" 



(100) 
(ill) 



I- 2 



6.39 



2 - 

3 - 

4 - 



ss^so (100) 

'S^So (llO) 




6.40 



(101 ) 

(in) 



65 



a 3 



js<;s - 



120 
15 a 2 , a 3 



c - 



a 2 



c, 3^^=90, 7^=^= 



6.416^ 






-c 



6.41 



(h k 1 1) 030 



(Dihexagohal-bipyramidal class) e5o a55^" 6 (beryl type) 



66 



. -S* 



4^23008: 



6.42). 



3|jgo 



ooeo 




lav 



i 



18 



6.42 



c- 



, 12 



12 ^O^OD, Sxrooo 

(c- ^c), 
1t a,, a 3 ), 
7 S-^ST^OS ^ou'ooo (3oo 6.43). 



3-^5 



67 



6.43 



0020 



(4 Ax.R) (ll^Qgs 

(3 Vert. Diag.P.) 
(c vl ) 

dJ-^ex) (3 Hor.xl. Ax 
(3 Hor. Diag. Ax") 



.)! "Soodo 
J 7 



"^ 

")\ 
J 



(C) 



6.44). 



T 



68 



(0001). 



65^0-^00. ^s db-ipo^) od 
(Basal Pinacoid) : s|S 



0001 (^^OSDO), OOo -(4afi v 
(lOlo) [Hexagonal Prism (10H))1 i 



6.45). ^6 e-S 



ioTo, 0110, Tioo, To 10, olio, noo, 

fir ^ "3^(3^5 (5&o A^Si^n ^>^^o (Hexagonal Prism of First order) 




6,45 %iS^n S^go (lOlO), 

(1120)[ Hexagonal Prism (1120)] 



c- 
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6 0^00. s|3 3dtt)tfo gxxXo&if^cSo 3g btfjS 6 

6.46). 36 ^ 33) <r>3o. 6S SogS'SS^o (1120). 



1120, T2lO, 2110, TT20, 1210, 2ll0, 



OOOIj j 



2110 I i 1120 



6.46 aLtSS^w a^so (1120), 

(Hexagonal Prism of Second Order) 



^o^roco. S)t5 
(1010) 6^ 1^323 7o^ro^c5 ^t5S ^c&rsro 

S^jSo (1120)6* 



(Pihexagonal Prism) : 

cS J^83 aayodtf ajt 
12 ! 



12 ef)o^oo eJ rteySS 3o<3o3oco (^b^oo 6.47A). 



(h kTo). -^ &r3o&* h+k 3oo^5 i ^oo^So S&r^orr ^0^000^ 
(2130) 



2130, 1230, 1320, 23lO, 3210, 3120, 
2130, 1230, 1320, 2310, 32lO, 3l20, 



ohl) [Hexagonal Bipyramid (hohl)] : c^^oS^ 12 
^'eo, 18 i>oCS:oo ( 8 ^XTOOJ ou*cco (^b^:o 6.48). 
12 ScSStS ^oCSooo e.g rfcr'Sl, 6 



70 



^od^coo. -^ da^So So^5" O^rjo (hohl). 
o&&ty. (loll), (10l2), (2023) 
. (lofl) 



ioli, loTT, oili, oil!, Tioi, TioT, 
Ton, Ton, oTn, olil, ilai, noT, 

(Hexagonal Bipyramid of First 



Order) 




6.47 A 

B 
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(hh2hl) [Hexagonal Bipyramid (hh2hl) : 

r=5^ d 6 & oooe>a. 635* &r<s 12 
18 eocfceo, 8 Soj-'oex) ^ot^cco (3oo 6.49). 



e5o 



^060^000. (1121) 



(hh2hl). 6S)6^ hj o 

(1121), (1122), (2243) SootfSS 
db^^oS^S &o3J*o Soe^S" ^r^^o^oo : 

1121, 112T, T2ll, T2TT, 2111, 2111 
IT21, TT2T, 1211, 12lT, 2lll, 2l!T 

^C5j-^^ ^o<SS^o A^ 5 ^ Bj^pa (Hexagonal Bipyramid of Second 
Order) e> 




6.48 



12 ScKteS 
J 
2 




w q$SX> (1011) ^oo 6.49 ^^w fiiJSX) (H2l) 
ajSXi (Dihexagonal qipyramid) : -&*6r>2>o$* 24 ^ 
, 36 ^o^Sooo, 14 ^o^ooo ^otJo^ (^beoo 6.50). 
12 S(S3t5 ^o^co ^^^ ncr^), 12 



a-g 



(h k i I). 
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h+k 



). (2131) 



2131, 2131, 1231, 1231, 1321, 132T, 

23 II, 23TT, 3211, 3211, 3121, 312T, 

2l31, 2l31, T231, T23T, 1321, 1321, 

2311, 2311, 32ll, 32TT, 3l21, 3121. 






6.51 l- 



(1010) * 2 - 
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6.52 



(1011.) 



I 2 



(ion) 



(lOlO) 

(1120) 
(1121) 





i - 



6.54 _ 

o (1120), 2 - aLtS^w a^a (loll), 
3 - <&<?>$ ^^ (0001) 



74 



6.41 



5 

(Ditrigonal scalenohedral class). 



(calotte type) e> 

^S (rhombohedron) (atoo 6.55) 



6.56). S^^ 2^00 gr^to^o &rG ^0^006. 



3 3^5 ^3835)0^ S^g ^^^ej=ex> (3 Vert. Diag.R) 
1 (Scra>^ SP^S J^ss ocei 6^i5S ^^CLSJ^^O (c 111 ) 

>. QJ-& O a-/ 

3 $CP^ gf^S ^Ss ^^ro^C5 S)t5S 5|)d5j-^oo (3 Hor.xl.Ax") 



7 tf<fittr i ^eo ^o^oco. S<^ (0001). (1010), (1120), 
(2130), (1121) 



(structural symmetry) tfSfy.3 ^oooS ^o) ^ooooG). (1011), (2131) 
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6.55 



(rhomb shaped) 



, 6 



. (2021), (3032) 



12 



6.56 



(Rhombohedron) : 

, 12 ^OT&GO, 8 



6 6 

6o<Ly>ax>. 



. 6 



(zig-zag) rr 



3^5 bfi)3 6 



^So^c^ooo. 



<Srao . 



(h o h I) 



. -OS^o (lOll) 



. (1012), (0223) , 



(hohl) 



12 



(hohl) 



6 
(sectants) 



12 



So<So 






itive rhombohedron), 
(negative rhombohedron) e>3 esowcb 



(1011) 33^0 

loll, loTT, Tioi, TioT, oln, olii, 

(0111) 



oiii, om, Ton, Ton, iToi, ilol, 

8* ^ofio Ofpo aoarrt- 6.58 5* 



6.59 



6.57). 




6.57 A 
B 




B 




6.58 



2 - 
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6.59 



(3032) 

So<S 

(0223) 



12 

^otJcxo 



h+k 



12 




I Soo3 h 
h 



&$}><> [&& (2021), 
(1011) 



(Ditrigonal Scalenohedron) 

(scalene triangular) ^o^reo, 18 
e)oCS:oo ^ rter^S 
12 e>o-&oo 



, 8 



(h k I), h 3oo k 
O^TCOD. I 3ex>^ h e5o k 
. (2131 ), (3252) 



(hkil) 



24 



(hkil) 



, a^- 



1 2 



12 

6.60 

6.61 



ajg 
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; B 




(2Ui) toy*, 

" 32,,, J 12T . 

1 ", 123,, ,32,, 2j ,r, 3211, 3T2, 



f 131.., 21,. T32,, 2311, 32,1, 3,2, 

*) 1 ^ 1 3'*A.l. 

2131 ' '!, ,32,, 23,,, 3 - 2Tl , 3121, 



79 



A 
B . 

c. 



(0001), (10TO), (1120) - 



, qsL GS * n ^^^^ I 9 ** 3 

6.62, 6.63). 



a^g6_(nlo) (soo 6.64) 



6.65) 






B 




6.62 



2 - ^ 05 



+ 3 - 



80 




i - 




6.63 

(lolo), 2 - 



(oil 




6.64 

1 - $3 

2 - 

3 - 



(loTi) 



(1120) 



81 



Olll 




6.65 



82 



Sbd&oS 



, b- 



Sgj 



(macro-axis) 



6.66'^ 



a,b,c 



, c- 



(brachy-axis) 




, oc=p=y=90 



6.66 



(Rhombic or orthorhombic bipyramidal class) ^S do SfctSb 
(Barytes type) a e^o^rc^. ^S^rrio 3 ^j-o^o^o ^oo^' 



6.67). 



(3*00.6.68)! 



83 



3 
3 



(3 Ax.R) 



(C) 



^b.^o^oo 



(Sxl.Ax 11 .) 



6ooo'oa 



6.69). 



6.67 



6.68 



6.69 




(Basal pinacoid) sfo c- 
^, a,b as^o^ S^roeSdorr- 
SogS" S^o.(OOl). ^oo^o Sog5" 

(Sioo 6.70). - .-, , . , , ... , - .. 

V / / . . ,. , v \;- ' .-, x- .. . . - 



(c-pinacoid) : -* 

co &o4jcxo. 
: 001, OOl 



84 



^3 
100, 100. -&* 



. (Front pinacoid) eJo* a* Oj^Q^S (a-pinacoid) 

b,c ^^o 
(100) (Steoo 6. 70). 
(macropinacoid) 

pinacoid) ^b- aj&S^S (b-pinacoid) : 

, a,c e^s^aSb ^^Irc^O'o 

(010). Sx>8ro-3o ( g5'Sxr'35 c5'ex) 010, 
(brachy pinacoid) e*3;7&. 



00 6.70). 




6.70 
(hko)[(Prism)(hko)] : 



a,b 



h,k o 



(210) l (120),(320) 

6. 



110. no. TTo, fio 



OCH- 



t c 



(110) 
. (110) 



JJO ' ' : HO 

1 : 

I I 



6.71 



(HO) 



85 






(Prism of Third order) ek? 
<^ (Rhombic prism of Third order) e>3 &TC? 
(hol)[Prism (hoi)] : -& &-aboS* a,c v$?v&> SO&&P, b 
daocf 009^00 ^rootfo otTooa. 
. a,c e>srolD ^)o^& 
h, 1 o Soo^oo S^j^on 15 e5c3 

)o<io3 CirSo 3og5" -^)^no (101) 
(201), (203), (103) ^oodeW 03^e rto <^Soo ^3 6.Qi Sodo^oco. (101) 
6.72) 5^3 &o^ro 3og 

101, ioT, Toi, ToT, 




6.72 y So (101) 4- 

^o^So (Prism of second order) e5cy 
(Rhombic Prism of second order) 
(macrodome) eSSsyfix 

So (okl)[Prism) (okl)] : ^ ^^^06^ b,c 



. 633 



(012), (023), (031 ) 

( S^oo 6.73) 

on, on, oil, on, 



. (Oil) 




6,73 S^So (Oil) 



86 



3op<343(&fco 3<^Q (Prism of first order) e5o 
( Rhomb 'c prism of first order) 
(brachy dome) es>p 



(Bipyramid) : 

Sa^So ej ^ ^ (Q^ba^s'^ .^oogrew 8 okJoco.' 6s 
^0^0006. 635* 12 ^OT&OO,. 6 ^roex) O<UGGO; 
^ 4 g<SS^5 ef)Ch^oo a,g ^ET ^^, ^5^ .4 g<SSt5~ eso-^oo ^)5^^ ^er=S, 4 
^^<^> "^5"^ rfc^SS 3o<3oycoo.. ^^-%- tooS"* 2 
^od 3 far'o ^POO^O rbao^^o). ^o)t!>^ ^ciSj^e 
030 S 6 ^^ ^otj-o^. ^6 ^p^o ^o (hkl). h,k,l 
esa^pSon 8 . ^o<2S^). ^^j-^ q^^j-O SooS" OS^o (ill) 
6.74). (112), (213), (123) 
(111). SS^o. Ao dp^o6^^) ^oo^e 30^5 

in, 11 T, in, TIT; 

TTi, TTT, ill, iTT, 




(001) 



6.74 

(Rhombic Bipyramid) 

, (010) r 

' 



i. a^go (110)+ fcscytfa^e^g (3too 6.75) 
ii. S^So (liO)+3|ggo (102) (3oo 6.76) 
iii. 3<y>o (110)4.3^0 (102) +3^30 (Oil) 
+ fcHytfa^&Kg (3*oo 6.77) 

oJ "OoJ v ' 

\v. a^go (oii)+a^go (101). 
t ^qFtfa^egjjg (aoo,6 : 78) 

v. S^s-eo (HO), (101),, (Oil) 

+ t5Qd a^a^g (atjo 6.79) 

i. (^^j-O (111) (^ioo 6.80A) 

ii. e$&r&?x> (HI), (113) o ^oc^j-^ yao' (a^o 6.80 B) 
iii. esqrtfa^q^g + 'qjaj^&cM (111), (113) + a^go (Oil) 
6.80C) 

(in) (a^oo 6.81) 
(no)+a^o (101) 

6.82) 

(no)+ a^go (on) ,(a^oo 6.83) 

6.84) 



6.75 

OH 2-e*?*e 



6.76 

(102)+ 2-ay^o (no) 




6.7-7 ^ 

(110) + 2^So (JW) 





(Oil) 



(101) 
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211 



i - 




6.81 
1-, 2 - S^Veo (hko), 3 




1 3 




6.-S2 

<hko)+ 2 - a|jo;(ho|)+ 3 

+ 4 - 



89 




2 2' 



\ 



6.83 

1 - 

2 - 

3 - 



(110) 
(Oil) 




1 4- 



\ 




6.84 



1 - oe>0 aS^Q^S; 2 - ^5^ a^e^S; 3 - 
4 - S3o (110) 5 - S^So (101); 6 - S^So (Oll);:7 



90 



b-c 



(ortho-axis) 



a=y=90, p>90 



"3 



a,c- 



a-c 



(clino-axis) 



a,b,c- 



, b- 






a,c 



6.85 



(Rhombic prismatic class) 
(gypsum type) 3 e^o^rdo. 
a-c 

^e a-b 

ooeoorr 



(Prismatic class) 



6dl Sofia 



, b-c 



OO^OJT 



Stfy* 1 ^Soo^co, 

s ~to\&o ^oiooofi. 



Sofi 
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(C) 



(1Ax.R) 
(b-es^p) (1 xl.Ax") 

6.86, 6.876^ 




(001). 



0020 



(Basal pinacoid) : 



Oj&^g (Front pinacoid) 



4-.b 



c - 



a,b- 



: (001), (001) (^boo 6.88). 



(100). 



: (100), (100) 
(ortho-pinacoid) esS 



6.88). 



,001 



010 



! 100- 



6.88 



92 



(010) 



: (010), (010) (a*oo 6.88). 
Sga^d^S (Clinopinacoid) e> 
(hko) [Prism (hko)] : 



(hko). h,k 



. a,b 
(110). (210), (320), (130) 



(Soo 6.89). 



e C^Sroo ^3 6d5 

: 110, TlO, 110, 110 



(Rhombic prism of Third Order) 



(hoi) 




6.89 a^go (llO) 
(hoi) [Pinacoids (hoi)] : 



(hoi). h,l 



(hoi), (hoi) 
(pinacoids of second order) ). (hoi) 



03^03 (101), (T01). (101) 
aj-3s-os*ex> : (101), (101). (101) 



93 



orthodomes) 



: (101), (101) (3too6.90); (201), (302), (103) 



6.91 S" 6 



esgeoaSe^eo (hemi- 



0:0 



6.90 $S, axon 



1.0 1 



.101' 



a. 




10 



6.91 
(okl) [Prism (okl)] : -S* 



b,c- 

Saayoa 



6.92). 

6odS5 

(021), (032), (012) 



(okl). k,l o 



(Oil). 



: Oil, Oil, Oil, Oil. 
(Rhombic prism oi first order) es3 S 



b (Clinodome) 



94 




6.92 S^go (Oil) + 
(hkl) [Prism (hkl)] : 



(hkl). h,k,l o 



(hkl), (hkl) 
/ourth order) S), 
(Ill) 



(111). (112), (321), (132) 



6di 



5x>o<So3^) 



8 



~do<> Z> 



-^e tfj^ro 
(Rhombic prisms of 



(ft dJ-^^S, (hkl) 
^^oo 6.93) < 

in, ill, TIT, TiT 

(^boo 6.94) 5^ 
Til, in, Til, llT 



exocs 



6.93 




00-5=0 



95 




6.94 




6.95 $3 

(hko), (oW), (hW) 
. (100), (010), (001) 



od 

(HI) * 
(010) (3fc>o 6.96) 



96 



6.96 



6.97 



(001) + ^^q^O^S; ( 01 ) + s fe go ( no ) 
S^e^S (201) (3<Loo 6.97) 

(010) + oej^ S^Q^S (100) + S|j^o (110) 
^^o (Til) (Stoo 6.98) 



6.98 





: 1- 

+3- 




+ 3-oo4o 



: 1- ^ 
+ 4- en 



+2- 



+ 2- 



97 



(brachy-axis) 



(macro-axis) 
^5 
6.99 



p 

** 

A 



a 

Xoc 

>^*b 



-c 



6.99 



(axinite type) 



(C) 



(Pinacoidal class) 



"Soc^o 



o<tcmo. 



98 



(Basal Pinacoki) : 



spo&fcr, a,b 
(001) 
001, 00l'(3t30 6,100). 

(Front Pinacoid) : ^tfj^oS"* 

"Soc^o ^otyooo. &* 
100, 100 (^^jo 6.100), 



b,c- 




pinacokl) 



S^^c^ (S** 6 P'>acoid) : 

oa"5o 
, 010 

inacoicfe (hko}J 



^ b-^^S^ ^od&r; a,c- 
o^5"^)^o (010). 
6.100). -&*&r^3^ (^^QjS'e.j^ (Brachy 



^otr^cxo. 



rt 



22^0 



^otj'oco. 



22^0 



(210), (130) "SaaaasS 



(110), e 

(110), (110). (110) 
(110), (110) (Stoo 6.101). - 



(hko), (hko). (110), 

rra c^pcro^ 
(110). (110) 



(hemi-prisms) 



99 




(101), 

(101) to-ao'S* .- 101, 101 
macrodomes) 



^^Sss (Pinacoids 
c? ^^^r 3 ^ 
(hko) 
(hoi), (hoi), 

6d2 SocSocrooo. Do^o e5^o^5o 
to ^cr-^o OS^oo : 0^<5J^^o (101), 
^as-cs'.exD : (101) ar3o* 101, 
6.102). -- 




6.102 



(okl)] Sc?Set5(S&o aj^^os (Pinacoids 



of first order) : -&* 



So^S" -SS^eo (okl), .(old). 



100 



(Oil) 



: Oil, OlT. 
Oil (3*oo 6.103). --3 



(Oil). 



Oil 



(hemi-brachydomes) 




6.103 <^5, 

OS^S^SOD (hkl) [Pinacoids (hkl)] e5c? 
of fourth order) : ^ 

gpod^rcoo. ^cx&Sg 5^5 O3off*S h,k,l o 



(Pinacoids of fourth order) 
(Quarter-bipyramids) 



O^Q^gao (Pinacoids 



6. 104). 




6.104 



(Positive right form) (111)- m, TTT 
(Positive left form) (111)- ifl, Til" 



101 



iii exon 
iv exorc 



^Negative right form) (Tl1)- fl1, 1?T 
(Negative left form) (111)- TTl, 111 
)<> Stftf tfra-exr' pg*tfe arS^. (001), (100), (010) 



(ioo) 



6.105) 



(001) + ^^^aj^e^js (010) 
e^sw (no), (no) 

(101) (Stoo 6.106) 

(001) + d>ty a^S^g (010) 

(I0i), (101) + ^ 

(110), (110) + -2b3C5fc3(Stoo O^e^g (Oil) 
6.107). 




6.105 



; 4- 



; 6- 



102 




.106 
2,3- 



5- 




6.107 



5-^5 



3,4- 



CoaS(Bfao 



iggregates) 

^S^ 5 E.^^3 
Aggregates) 



(associated) 



(paralte) growth) 



7.1) 



7.2) 





(Crystal Twinning) 



SdDd 



(cryslalliiie 
'ex) t-S 
(oystal 




104 



(homogeneous aggregate) 




(Twin Crystals) 




'Stoo '7.3 



105 



1 80 



5 



axis) e^lb, 
twinning plane) 



(twin axis or twinning 
(twin plane or 



^^o^oo (composition plane) 



(re-entrant angle) 



7.46^ 



7.56^ 



cy35*3 a-S 



111 &3r sec on- 



cdcorr^o 



180 (gfctono Sfj ^too 7.4^ iSj-isS dixrf% )45So 
z-S 

-^ ^C3^rCJn6^ 111 
33>>too, o eozaon* 
Ill 




7.4 cS 



106 





7.6 



(0001); 



6 dWo- 

(Laws of twinning) 



107 
1. 



2 . 



3 . 



4. 

ooa^orp cdayr'^o "Sodlr* 



5. 

Sr-c? 



(Twin law) 



^ (cross-shaped or cruciform) 
. (Brazil twin), tfyG^ 

(Rutile twin) !)433 ^C5^rr I:^PC^ 6^0 
(Types of twins) 



(contact twins) e5c? ^^ c&o^oj (simple twins) 

. 



f 3S; Sffl)& ^3^^ a^s-e 60 
7.7). 



108 



7.9). 



twins) : 



7.7 
(penetration twins) : 



" 5 S)43sex> 
^ CBbo^ 



(composition-surface) 

63 



7.8, 




A. gSJ5i5; B,C. 
* ctSaP^e (repeated twins) sfo 



(multiple 



s-g 



6od 
(a^o 7.10). 



z-g 
(polysynthetic twin) 



6e" 
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(id& cftx^o (cyclic twin) 



(fourling) ^S, e?oco&i 
(sixling) e>S 



(3t>o 7.11, 7.12). 

(trilling) e>S) f ^exrt: 
(fiveling) eS, 
(eightling) e 




7.10 





7 . 1 1. 



o 7 . 1 2 



sl<* 



(complex) fty S&ftW (compound) cSS^w : 



110 

(primary twins), e>3o&S cSdofT^w (secondary twins) 

S) 3oS^3)3^ o3S* dfctfgtf Sosp 
e!cy S)8 CSbo^p (growth twin) ef>o<Ly&>. e>ers 



(transformation 

twin) ^oW(db. DSb^ $&(# ^ ^Scr^oS e>^ s^gf (high-quartz) 573 &^(tf 
low-quartz)rr 



(glide twinning) e>o<U*<3o. ^sSg^S" ^o^5 e5ej)SS3 ^Ssr'ex) -&e 



20 



2-g C5g 

(spinel law) 

b^rodtfon ^otooofi) (3oo 7.4) 
7.9B " 



g^ ffl)t5s-co ir1o ^C5%!o (iron cross) 

^oo^S^ ^aj-o^^on O<LX>O>. 
7.8). -^ 



(rutile law) 

ctfootf^ ^b^o^oo "So^^^oo a^ar'b (101) 



<E5c "Sp'S'co 63 (Knee shaped) ctfoorc^oo e?o 



111 



(geaiculate twins) esot3<3o (Swoj 7.13, 7.14). 




7.15, 7.16). 
(01T2) 




(loll) 
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(032) 



45 





7.18 



( . Maltese Cross , ^j^ 

7.19). ^o^ CJS6 ctStf^oS* cdo^^ a^ oo 65^-0 (232) 

60^00. ^i^So^ C&O^O^ C3o<^ ^TT-OO E^CTSS-gtS 60 

aor Zr5 ' cfix^o ('Skew' twin) esou-Ob (ao'o 7.20). 



113 




7.19 



(100) 




7.20 



('swallow tail' type) 




7.21 



s-tfot*- 
(ttoo 7.21). 



nyin) e = 



114 



dfctf^Siitfteo, 



(010) 



e^o-oco. 



(021) ^o^SS ^^7-0^(507^ 



7.24) 
(001) & 
7.25), 



7.23) 




7.22 





7.23 



; c-^o. 




115 




(Albite law), 



7,25 



(Pericline law). 



3*oo 7.26) 




7.27V 



7.27 



8 





(Propagation of Light Through Crystals) 

5o, 3"<J<3 

(medium) 



(optical properties) 



(nature of light) 



(beam of light) esotj"<. "^^ (Huygens) 

(wave theory) ^tfo ^ ^oO 6c9o (jroOo^^o^p<^o esSoS SoS^eo (vibrations) 
>#&> (direction of propagation) 



8.1 <5^ OI 

AOB ^C5^S^) so^6c3c goS^S a-T (direction of vibration) 

*& e5^0^ c^r^oS^, ^C5o^ 0^60 Is 2$)^' ^o^. A,F 
(crests) e^S, SoS3^5 oS D,H ^o^3 SoeS:$)o^o (5^c^co (troughs) 
^Sr", -^orto ^CT (S^ril &<? ^od QceodJ-oO^ (AO 
(amplitude) esotp'db. ^^ Sgg. S^ctfooS" 6 20 S 
c^ (phase) ^0(^C5o. H^O^ ^^orioS 
d^o^ot^^oco. StDo 8.1 S^ C,G 
, A,F ) 



(wave-length) 
C G c? E 



od (zero amplitude) 







^0 
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P ] , P 2 



(Sd5rrfo3 



go (X- e 
06 sSogtfeso crjcJ 8 . 



(frequency) 
(velocity of light) e 

, 5^3 (f), ^1o (V), o 



(violet) 




T 



= eJd 8 V= f 



tftfortggjb 0.00039 D 
0.00076 Sb.Sb. fc 760 



6oioooa. t^eo ^ ^tfortggo ric 
(monochromatic light) ectptfo. 
So3S (square of amplitude) 



390 m^l, ej^^ (red) 



(intensity) 




e* 



v/ 



8.1 




8.2 
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(wave surface), &tfofp(fio (wave front) 

so< &o^oo (source of light) <3oo> soQ I'tfcroo 



(ellipse) 



(ellipsoid) 



(ordinary light), 



5*08 (polarized light) 



2^00 8.36^3 AS^ 




oo OT 



light) 



8.3 

3<i 



(plane polarized light) 



Soaaaacfeo (plane of vibration) 



(polarized 

. atoo 8 Sff^S Bff 8 



119 



(polaon) eoo^b. - s-o* Sctao 



6*0*0 

8.4) 




8.4 

AO 

OB 
OC 
(isetropfc), estSS^iSS (aaisotrepic) 




B 



(isotiopic substance) eotrtfc.' 

&5aKas. ^c^o (anisotropic substance) 



(Propagation of light through isotro.pic substances) 
(reftectkMi), S.(l$SSo (refraction) 






S&oQ. 
(refringence) ^S o 



63 



(incident rays) 



XOY 



, AO 3S Stfcj'Sj, OB a(l?C Stfcr-^, MQN tytiSo 6SOC5eraS 
AOM rrso &p 'i' ^^^^3\ NOB ? 

01 

3(1??^ Sc&^jo (law of refraction) (Sbsc$o Js 
Sin i / Sin r ^tforv 6otcoo6. -^3 |cros-^ ^(1^3" rbcs^o (refractive index) 
^5 'n' rr> 



^5* a.g 



3|g car=^5^o (medium of reference) rr 



M 



Sin r 13 




escxoil 
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proportion) n 



esdbcs 



(total reflection) 



(rarer) 
enser) <2i73So 



(S) 



A Itf'rao 



5oQ 



330-3 13 S6<^ (0-3^0^*3 



?<3b. .E ; 



(critical angle) 



nverse 



3 (I #33 ^itra^o 



facaSo 



,B,C,D,E,F 



. B,C,D 

E 




8.6 



,. K 

i i*90" 



'r-.cj..; 
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(dispersion of light) 



(absorption of light) 



(colourless) S 
(black) 



(Propagation of light throagh anisotropic crystals) 
e (doabk refractioa), ^(JSeoaSo (birefringenee) 



oa yog 



x 633 
^5" (Iceland 



s-oQ ^dcso 3(|fi 



c.33 ^ 



> 



JOO 



8 .7B) . 



(ordinary 



ray) 



(extra - ordinary ray) A crS 



Sod 



s-S, 

Ifron- 



lie? 600006. 



Idcso 



ScJcso 



(birefringence) 



A 9 E 




-A 



tA_ 



rg-tfa 



ercrS 




8.7 A : S^C (O), 
B : SPQ'Cw 

d>g-n 



(negative) !), e^ortfa Sdo 
(positive) e 



124 



uniaxial), 



c - 



c - 



Q& |3s^^o (optic axis) 



angle) 



axial plane) e?S, (Ss-^apo 



(isoaxial) 



(uniaxial crystals) 



i (biaxial crystals) ^otJ ^. -&* 



SoQ 



(optic axial 



Sjtis-w &r 



(dispersion of light) 



Q^ofi. 
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(absorption of light) 



(pleochroism) 

1*35^ ^)^3so6^ a^ ^da^a (ok^^OT ^o<^o 5^0^^ 

a#e<5^3o gfiSjSgoa. a^ S0aga5*3 -^ 6<&>o<&> ac^r 1 a^^d (dichroism), 
(trichroism) ef>oj*db. 

(interference of light rays) 



d*o5 3 ^bo(5^^o (combination) do a^SgCtoo (interference) ^SoG ^^ * 
^don^ drro)^ooo. -^a ^g ^6oto OO^GO a^D^ &y o CkSoTro (component 
waves) ^tfotf 2SS I^Qcdo^ 

>o^ ddorroo a^dgtf no 
(resultant wave) 



8.8 A), 

Sdo (phase 



difference) e> 

(Stotfea ssdr;^ (Stoo 8.8 B). 



(algebraic sum) ^b^j^^orr ^o^ooo) (3oo 8.8 C). 

^Sgo6^ ^oof^^o^o, eSc: 
C5gon ^^j "Soc) ^Con^o $S^ tfdc 

8.8 D,E). 
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B : 




8.8 
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8.8F). 



goa (spectrum colours) SSSdoox 
(interference colours) Sc? ^to Sgos (polarization colours) 



l)2caa 
8.9) 




(ptk 



of 



(principal symmetry axes)n* 6otJ*cxo. 



002007V 



. S) 
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) 

(optical properties of minerals) 

98 



^a^cro^j (optical instruments) 




(Optical Instruments - Polarizing Microscope) 



(optical 

accessories) 3<>3&. -&* 3r>$58^S ^3es ar^aqj^ (polarizing microscope) 
&^<35j3 (petrographic/petrological microscope) 

iod 



(object) 
(image) ttr^QSbS 30c^ ^^oO t^5j ^^jsr'o (lense) 



sja"soQ 

83o SJ*c^^ c?^)^^) SC5 

^5 )ot5o$)^ s0 (focus) . 

dtfjeao tbd^d, 5^.^ ^Sx)O ^o 
(magnifying) ^^os 
)<5on 

(mechanical parts)^, r'Sjj (Ss ^ ^JTTO: (optical 



parts)n* 



(parts of polarizing microscope) 

?^0o3 ^^) T^p^a^S 3^o (axis of the 
microscope) e>o<ty&>. ^CSo^^ ay^CQjS^S ^o^^5 g.rrro^ 3oo 9.1 S^ 

). 6^5^ S^ZroS* 5 9 ^5 g.g eDCSSS ^cyCiLfio to goS(stand) 
(microscope tube), 3a$ (stage), 6S30S Sy&T) (substage assembly), 
(mirror) 3 J^TTTOO a Ao^^d .fedtroaa. 
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Ibl, 



(adjustment screws) 0^000. 
S, Sofil 



oooo6. ef)oooiS 



coarse-adjustment screw) 3, 
(fine-adjustment screw) 
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(eye-piece or 

ocular), a3 arb33 3^(tj*o ^o (Bertrand lens), &6zr& Sjjfigo (analyzer), 

(objective) 6o4j"ooo. 



(cross-hairs) 

6043*000. Soo^rr d^lftfo esod 36&G&3 3ooo&) <3ooO "S^SSoS 6 ^ ~f-3b 5^So 
N-S a^r^o, <agon 6^ "f-To esod Sod^od <D<5&>33)& ^^o ^o Q-aab E-W 

(power of magnification) ^g^eaoA" 6x, 8x 
lOx rr dsotoooG. ^S^o^to^o e5^<^ ^Pcy^^orp 3.5x, lOx efo 50x rr 

~B O " 

^RT^ (magnification) 
). lOx 
35x 

Qlela cK> g>Q)osoo 5rf 35 

35x o<d cr^S ^) < 3| ej^g^o (low-po\ver magnification) 
lOOx ^ot3 aSS SDtfpotfi tsSgSo e 
(high-power magnification) wS. esot^Co. 



: (Jitfea ^P^QS ^a^ ^^r-^cSe^S ^Q^ ^rasrf s-S 
360 pabbo" ^cCbc 

)ewrr ^oojoo (graduation) 
0.1 



(thin sections) e5o o ? ET o 55 e S B r3a5o (grain mounts) 

So)5) ^ao'S^ ^o^POo 0.03 So.So. ,3oo<3o 6^ 
e5c5 ^E^I^O 3oo^c!ir'S^ (e5cy Ser ^o ^) s-^ rra? 3 $a^o (glass 
plate) 13^ &oO a>3 So)3.iT2? a^er'SJj (cover slip) 
(canada balsam) 



^^ gd 0^0 ^C&O^^^CLSD^). a^)S^ Sflg^o^ko'n 4oSo (upper condensing 
lens), C3^ SoCS ^^Ss^tbiooo (iris diaphragm), est^^o^^ca ioo (lower 
condensing lens), bt5 wS^ti od ^^^3=0 (polarizer) ^.ot^cco. fe 



(plane mirror), ^o<233^ ^^^6 cSd^o (concave mirror) 
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T (field of vision) >i6&iT aa<3o 3rcco. 



(parallel 
light)5, e$g| fcsS^oS 6 . SQlSc56o^p<i^ ej^tfo' soS (convergent light) 3 



(sources of light) : 

fioS (glass filter) cyjo- ^3) oof^<" &3 (tungsten 



lamp) 

o-2igo (monochromator) o^c 

6 (polarizer), ^So (analyzer) : 



crjo- (S^tfo 
^oS^o <3oc5 



' 'eSSb 



nvfc, ^^o ^o^a^N-S n-& 



a (structure) 



f 
.^(William Nicol) 

prisms) 



(construction of Nicol Prism) 







7051 



^odcxo. 
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68 



(opaque coating) 



(crossed nicols) 




9.2 



9.3 

e5 
1.658) 
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9.3 



A 

B 32*1" 

.54) 



2*0$ 



(polaroids) 



(Propagation of light through polarizing microscope) 



oosjon 
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(extinction) 



(optical accessories) 

3>3 23^0 ^3j (J&SjS 

plate), gSS)S> $oo (gypsum plate), ^gsfioo (quartz wedge), 
(Berek compensator), <&r*33<3}^"1b2f (Universal stage) 



sectioas of minerals and rocks) 



(corfx>rundum powders) 

Sdft ^^r6o 7.5 ^o.So. x'2.5 Do.bo. 
(glass slip or slide)1o<3 
^S (finest) 
(O.03 So. So.) 



10 

>) 

(Optical Properties of Minerals) 



(rock crystal),. "iSJfcS" $3ffio ($533,3 c&ero d^S", ^S^SiJ^s 1 ' 3oi3 



ers (rock forming minerals) 

(thin sections), ^Sr=& 0.03 So. So. ^ooiSo 
(ore minerals) 



sod (transmitted light)S* S 

(t3 ^sa^G'o^o QeS3 Toj-^dSQ^ (Ore mircroscopep 
5-0^5* (reflected light) e>Ccfi>So 



(Optical properties of isotropic minerals) 



(phenomena) 



&<*, 



^^ oe 



tfo^oo 137 



(complete extincti 

^^5oSS 
(Optical properties of anisotropic raieerals) 



6o^oopa. . 



(qualitative) e5o se&rrr^S^ (quantitative) 



(longitudinal section) 6* 

3 55^220 n gJ^ (dark brown) 



Ld (pale yellow) 5^3 
(o-ray), ^^c?=d^ iC5c^c (e-ray) ^ 



TV 3 
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(o,e Stfr^o 



(X,Y,Z 



(pleochroic scheme) 
: o = ek$ lido, e = 
green), Y = 



: X = sfo 
(dark green), Z = rv gi^o (dark brown) 



e>^roo=o. 



33} 



itf'cso 9)383 



, esod 



(parallel position) e>otj=0o. 



360 



45 



45 ^o (45 positon) 



45 



)Iffl63 



Q5A 



s-sort, 



30.CSDO-OM. 



lO.lff* 



-S n- 



0*0^0 
030- 



5ao-n- 



10-^00 0es 



N-S 

E . w 



63 



interference -colours)^: 





(intensity)^ 



of 



: sod N-S O^^ 6 So^So Sofi 




10.1 



35ft 
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, g>3s$<3o 3ootfo, crS 



(orientation) 



(abnormal interference colours) : -C3er= 

(abnormal) 



(anomalous) 



(position of extijiction), 



(extinction angle) 



, ef>pd 
1 r'^)5 o cxo. 

(parallel extinction) 



(straight extinction) 

(.S^oo 10.2). 



(inclined extinction or oblique extinction) 



10.2). 



(symmetrical extinction) 



(extinction angle) 



, 90 



io 10.2S- 




, 7uS-3K>S? 



Sgj $0= 



00 



(basal sections) 3&rf8S $v$^ 
(vertical sections) 



(pinacoidal) 

D. 
D^egjSS (ortho-or front pinacoidal) 3o>e 

^ CTO ^^^ STO -* ^^)^o^ 

clino ~ or side P inacoidal) ^ CT 



142 



(Observation of minerals under the microscope) 



(crystalline form) 



^0(2)^5 ^ 

(rectangular) 



cax>%. 



(hexagonal) 



(^boo 10.3). 




10.3 



(cleavage) : 



cfc? 



( S^S 3(3*3 Q^.^CTO (transverse sections)^ 
120 ^C3oS^ spodo^oi^ ~dofa 
(longitudinal sections) gT^^g /fop 



S^oa) (Stop 10.4). 
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10.4 



(inclusions) : 

es&>8 6od a ^Ss^e acgtfre*^ (diagnostic) i^orr ^otrcco. 



ransparency) : 



.irer y?fo Sop ^croff* 
s-o 



(colour) : 



(colourless) 



..- d-g-tfocrr po- 



(CSS 



e* 



(relative refringence) So- DCS-SJO esow& 

30-3^ (positive relief), e$ 
&ta 3o-ar-^ (negative relief) ^ 

(n = 1.54)6* 



"Sacr 

ed^otf ^g (extremely high), -w^OS (very high), 
(moderate) ^ lj-a (low) Do-sto^ Ar-aa^. (?S 5d^o 
0.45 ^ iS^-a 4od e^aj e^odOS So-ar-^, 0.45 - 
0.20 e ^0 6od e^OS 3o-a^, 0.20 - 0.12o 
12 - 0.060 3*S ^od .^ 30-33-^, 0.06 
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s5cF 



r, 0= 



(SbdSCtoo 6o<d 
o ^GP cio 
10.5, 10.6) 




10.5 




c 10.6 



go (mounting substance) - 
(S^-So (Becke effect) 



- - 



(Becke test) c^o- 3eo3oTo.tj.eb. 



10. 



(Becke line) e>otT<3o. 



"So (Sa 



a -*-^- ' oj.j c. Me 



B 




A 

B 



10.7 



to 
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&3 (pleochroisra) : 



oS" "3:0(53^ 



, esod 



ooaon- 



(pleochroic 
haloes) 



tS" (allanite), 

^ 
(twinkling) : -& i^Cijo ^Ses^o .Q(o3Q5tfSo fbo<5 



1.66, e^cytfra 5(5^31 1.49 ^otoooa. 'g.Sc' s^oSj ^(Is?"^ rtbcs^o 1.54 

> r'S^ 
Soco. 



(isotropism) , ss^nss $^o (anisotropism) 



(c- af35) ecaOT 
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(peculiarity) 
(extinction) : ^^b^TiSs: ^Saro ^^)3 ^creo, 







90 






Di (twinning) : 
orientation) -3^" S^o 
e5o "SodlD Er3*oc3Bco^S6o8Soo (twin lamellae) 



^l^aft^ 




10.8 



(Q 



(B) a 



20S&5 (mineral alteration) : 

rptfp 3*088* ^PC^^SJ}. 303&5 ,3oA3 $3830 3oe^p> (cloudy), 
(turbid) o<tooo>. 303&S 



(aggregate polarization colours) 
(elongation) : *3^ ^^sj^a: 6^)tf xb)^3^eo (elongated crystals) 



(orientation) 6g^ J5o^ (sign of elongation) 0^0 

g <^3^o (+ve) &5, 
(-ve) 

oo 



& (interference figures), 

(optic sign) & s^gf loo, ^b)So $0^0, .^s- $0^0 ^o 
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